INTRODUCTION
Inequalities and inequities in health between and within countries are an important public health concern in many regions, including in high-income countries in Europe and elsewhere. 1 2 Members of disadvantaged socioeconomic groups may face barriers to health services; even in countries with universal and public health insurance, they are more likely to be exposed to unemployment or hazardous environments at work and have fewer material and social resources or psychological assets, and less favourable health behaviours. [3] [4] [5] The reduction of inequities in health is therefore a priority on the public health agenda of governments of many countries, including Switzerland. 6 Life expectancy is a commonly used indicator to measure health inequalities: life expectancy differs widely between countries and states and between regions and neighbourhoods. [7] [8] [9] Regional differences in life expectancy and other health indicators are explained not only by individual and behavioural factors but also by the social and environmental characteristics of communities and neighbourhoods, 10 11 including levels of social capital and cohesion, access to health services, access to green blue spaces and environmental pollutants. Indeed, the place where people live has increasingly become a focus of attention in research on health inequalities. 12 13 Switzerland had the highest life expectancy at birth at 82.8 years among the Organisation for Economic Co-operation and Development (OECD) countries in 2011, 14 but little is known about differences in life expectancy across communities and neighbourhoods. Previous analyses were based on relatively large administrative areas with arbitrary, fixed boundaries, for example, cantons or urban agglomerations. 15 While the importance of analyses based on a finer resolution to guide public health policy has been highlighted, 11 16 17 such analyses are lacking for Switzerland and other countries.
We aimed to fill this gap using a recently developed neighbourhood index of socioeconomic position (SEP). 18 The index is based on census data on household rent, education, occupation and crowding of neighbourhoods of about 50 households. We examined life expectancy across neighbourhoods to jointly explore the spatial epidemiology of health inequalities and social disparities in Switzerland.
METHODS

Study population
Described in detail elsewhere, 19 the SNC is a longitudinal study of the entire resident population of Switzerland, based on the 1990 and 2000 national censuses. In brief, deterministic and probabilistic record linkage 20 was performed using the Generalised Record Linkage System 21 to link census records to a death record or an emigration record, based on a set of key variables that are available in all data sets (sex, date of birth, place of residence, marital status, religion, nationality, profession and, if applicable, date of birth of partner and date of birth of children). Enumeration in the Swiss census was near-complete: for the 2000 census, coverage is estimated at 98.6%. 22 Linkage of death and census records is less complete in younger people. We therefore restricted analyses to residents aged 30 years or older. Nursing homes have been shown to distort estimates of life expectancy for small areas. 23 We therefore excluded persons living in nursing homes.
Definition of neighbourhoods and their SEP
Neighbourhoods of about 50 households were defined. In a first step, each household was spatially referenced using the geographic coordinates of the building. Areas centred on individuals' residences ('ego-centred neighbourhoods') that capture the environmental and social conditions to which an individual is exposed were then created. Boundaries changed from one building to the next and were distorted in the direction of the nearest roads, where shops, amenities and public transportation are typically located. The SEP of neighbourhoods was then determined based on the median rent per square metre, the proportion of households headed by a person with primary education or less, the proportion headed by a person in a manual or unskilled occupation and the mean number of persons per room. The index was standardised to range from 0 (lowest SEP) to 100 (highest SEP). All the data were from the 2000 census. The definition of the overlapping neighbourhoods and the development and validation of the Swiss-SEP is described in detail elsewhere.
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Variables Individual-level variables included age, sex, education, religion, marital status, nationality and occupation. We classified the highest level of attained education as compulsory schooling or less, secondary, tertiary education or unknown level of education. Religious affiliation was classified into Protestant, Roman Catholic, no religious affiliation or other religious affiliation. Marital status was defined as single, married, divorced or widowed and nationality as Swiss, European or other. As in a previous study, 24 we collapsed the 33 grade socioprofessional categorisation of occupations developed by the Swiss Federal Statistical Office into eight categories of socioprofessional status capturing the skill level and position of individuals on the labour market: top management and independent professions, other self-employed professions, professionals and senior management, supervisors, lower management and skilled labour, unskilled employees and workers, people in paid employment (not classified elsewhere), unemployed or job-seeking, and persons not in paid employment.
Statistical methods
Life expectancy at age 30 was estimated using a skew-normal regression approach accounting for left-truncated and rightcensored observations. 25 Parameter estimates from the models are directly interpretable as differences of life expectancy. We used life years, measured from age 30 to age at 31 December 2008 or death, as the dependent variable with a delayed entry date of 5 December 2000 (the day of the 2000 census). As life expectancy is higher in women than in men and associations of covariates with life expectancy may also differ between genders, we performed analyses separately for women and men. Crude estimates included one variable at a time, for example, the index of neighbourhood SEP. The index of neighbourhood SEP was modelled as a restricted cubic spline with five knots. 26 Differences of life expectancy are reported across the full range of the distribution of the index, at the 1th, 10th, 25th, 50th, 75th, 90th and 99th percentile. We used the median (50%) as the reference when comparing percentiles. Adjusted models additionally included all individual-level variables, that is, age, sex, education, religion, marital status, nationality and occupation. We averaged life expectancy estimates across neighbourhoods by a simple moving average approach and assessed correlations between life expectancy and the SEP of neighbourhoods using Pearson's correlation coefficients.
Results are presented as maps, with colour-coded dots representing buildings and the estimated life expectancy of their neighbourhood, and as crude and adjusted differences in life expectancy. Statistical analyses were performed in Stata V.12.1 (Stata Corporation, College Station, Texas, USA) and R V.3.0.2 (R Project, University of Vienna, Austria).
RESULTS
Characteristics of study population
The analysis was based on 4 526 759 individuals aged 30 years or older at the 2000 census who lived in 1 298 079 million neighbourhoods and 3 092 714 million geo-referenced households. A total of 414 676 individuals died between 5 December 2000 and 31 December 2008 and were linked to a census record. Among these deaths, 25 648 (6.2%) could not be linked probabilistically but were pragmatically assigned a census record, based on age and sex, as described elsewhere. 27 The median age at the 2000 census was 51.2 years among women and 49.3 years among men (table 1) . Women were more often widowed (12.8% compared to 2.8% in men) and less educated than men (31.0% of women had compulsory education or less compared to 16.5% among men). In women and men, the dominant religious affiliations were the Protestant and Roman Catholic faiths; 10.1% of women and 13.2% of men reported no religious affiliation. There were fewer women in the higher socioprofessional categories than men and more women than men were not in paid employment (46.6% compared to 24.2% in men). The crude estimates of life expectancy at age 30 years were 49.8 years in men and 54.6 years in women, close to the life expectancies reported by the Federal Office of Statistics for the study period (49.7 years in men and 54.3 years in women). There were few individuals with missing data (2.5% missing for education, 3.5% missing for religion) and results were similar when excluding them.
Geographical patterns of life expectancy at age 30 years
Maps of estimated life expectancy at age 30 years in men and women are shown in figure 1. Across the 1.3 million neighbourhoods, estimated life expectancy at age 30 years ranged from 46.9 to 54.2 years in men and from 53.5 to 57.2 years in women. Neighbourhoods of higher life expectancy (in shades of yellow) are concentrated in the urban centres, most notably in Zurich, Geneva, Basel, Lausanne, Bern and surroundings; and along some of the lakes, for example, the arc of Lake Geneva and both sides of Lake Zurich. Neighbourhoods of lower life expectancy (in shades of purple) dominate regions immediately north of the Alps, the area north of the lakes of Neuchâtel and Bienne in the West of the country and much of the valleys of the Alps. Within the major cities, differences were evident at the level of streets (see online supplementary figures S1-S5).
Determinants of life expectancy
There were substantial differences across neighbourhoods of different SEP in crude models: in men, comparing the 1th with the 99th percentile of neighbourhood SEP, the difference was 4.5 years of additional life expectancy and it was 2.5 years in women. Substantial differences were also observed by marital status, level of education, nationality and across occupational categories (table 2) . For example, comparing the unemployed to those working in top management positions or in independent professions, the difference in life expectancy was 13.0 years in men and 5.7 years in women. The difference between single men and married men was 5.4 years, and between single women and married women it was 4.0 years. Estimates for residents with a nationality other than Swiss were higher, with larger differences observed in men than in women, probably reflecting the healthy migrant effect and under ascertainment of deaths in migrants returning home due to sickness. Some differences in life expectancy were also noted across religious affiliations, with Catholics living somewhat longer than Protestants (table 2) .
In adjusted models, differences across neighbourhood SEP were attenuated but substantial differentials remained: 2.8 years in men and 1.9 years in women. Estimates of differences also changed for some individual-level variables. For example, differences between educational levels became smaller and differences across nationalities larger (table 2). The crude and adjusted differences across percentiles of the Swiss-SEP index were reduced when moving from age 30 to higher ages; however, even at age 80, substantial differences were evident both in the unadjusted and fully adjusted analyses (figure 2).
Correlation between life expectancy and neighbourhood SEP
There was a strong correlation between life expectancy and neighbourhood SEP: r=0.95 and 0.94, respectively, in men and women ( p<0.0001 for both coefficients). The scatter plots of life expectancy against the index of neighbourhood SEP suggested that there were two slopes: a flatter one for neighbourhoods of lower SEP and a steeper one for neighbourhoods of higher SEP. This was confirmed in the analysis based on restricted cubic splines, which showed that the increase in life expectancy was steeper from the 50th percentile of the neighbourhood SEP onwards, and that it was steeper in men than in women (figure 3).
DISCUSSION
We created a detailed map of life expectancy at age 30 years for 1.3 million Swiss neighbourhoods and examined the determinants of life expectancy. We found that estimated life expectancy varied substantially between neighbourhoods, and between neighbourhoods of different SEP, with differences of about 4.5 years in men and 2.5 years in women between the 1th and 99th percentile of neighbourhood SEP, and a strong correlation Figure 1 Maps of estimated life expectancy at age 30 in Switzerland by gender.
between life expectancy and SEP. At the individual level, marital status, education, occupation and nationality were also strongly associated with life expectancy. The neighbourhood index of SEP was constructed using individual-level information on education and occupation and household-level information on rent and crowding. The definition of the boundaries of neighbourhoods took into account access to amenities and public transportation in the vicinity. 18 It is therefore likely that the neighbourhoods and their index of SEP also capture contextual neighbourhood effects, rather than mainly compositional effects that stem from the population characteristics of residents in the neighbourhoods. Indeed, when we adjusted for the two compositional variables included in the index (education and occupation), and other variables associated with life expectancy, an important association remained with neighbourhood.
Other strengths of this study include its national coverage and the fact that the outcome of interest, life expectancy, was based on routine mortality statistics. 'Same-source bias', when relationships emerge due to the fact that the data were collected from the same single source, can thus be excluded. 28 Neighbourhoods were of uniformly small size. Previous studies were often based on larger census or electoral wards of varying size, or even towns, driven by the availability of geographically defined data. 15 Such analyses suffer from what geographers describe as the 'modifiable areal unit problem', where different levels of aggregation of the data yield different and potentially misleading results. 18 29 The problem is related to ecological bias and the ecological fallacy in epidemiology, when misleading relationships between variables are deduced from the correlation of these variables at the aggregated level, for example, geographical areas. 30 We examined life expectancy at age 30 years, but differences in life expectancy across neighbourhoods of different SEP will be larger and relative gradients might be steeper at birth: life expectancy at birth is particularly responsive to differences in mortality rates at a young age and these were not captured by our analysis. 31 In England and Wales, a study of geographical variation in life expectancy at birth using the income domain score of the Index of Multiple Deprivation (IMD 2000) found that men living in the most affluent fifth of wards had almost five additional years of life expectancy at birth compared with those living in the most deprived fifth. 32 For women, the corresponding figure was 3.6 years.
The differentials in life expectancy observed in this study are nevertheless substantial. According to the estimates of the Global Burden of Disease (GBD) Study 2010, 7 these differences are larger than the increase in life expectancy at age 30-34 years observed in Switzerland between 2000 and 2010 (2.4 years in men and 1.5 years in women), and are in the same order of magnitude as the differences in life expectancy 2010 at age 30-34 years observed between Switzerland and some middle-income countries, for example, Cuba, Ecuador or Taiwan. 7 Switzerland ranks highly in the GBD study's country list for healthy life expectancy at birth: third for men and fifth for women in 2010. 7 Although we did not assess healthy life expectancy at birth, it seems likely that life expectancy experienced by those in the highest percentile of SEP would move Switzerland to the top, whereas that experienced in the lowest percentile of neighbourhood SEP would move it into the group of middle-income countries.
There are several factors through which neighbourhoods may affect the health of their residents. Physical and environmental exposures that differ between areas include altitude, air pollution, noise and ionising and non-ionising radiation. For example, a recent analysis of the European Study of Cohorts for Air Pollution Effects found that long-term exposure to fine particulate air pollution was associated with mortality from natural causes, even within concentrations below the limits mandated by European air quality standards. 33 Previous analyses of the Swiss National Cohort showed that living at higher altitudes was associated with lower coronary heart disease and stroke mortality 34 and that exposure to high levels of aircraft noise was associated with death from acute myocardial infarction, whereas mortality from lung cancer increased with higher levels of air pollution. 35 Furthermore, exposure to green spaces such as parks, forests and river corridors has been shown to have beneficial effects on psychological well-being, 36 to stimulate recovery from surgery 37 and to be associated with reduced mortality. Few studies explicitly examined associations between neighbourhood SEP and environmental and lifestyle exposures. The longitudinal Multi-Ethnic Study of Atherosclerosis in the USA found that higher levels of air pollutants were associated with lower individual and neighbourhood SEP. 39 Similarly, a study in London, UK, found that mean air pollution was greater for areas and individuals with lower SEP. 40 However, results were not uniform across London, with associations in the opposite direction in affluent central areas exposed to high levels of air pollution. 40 A small-area analysis of residential exposure to road traffic noise and social deprivation in Marseilles, France, found that the association was not linear, with the highest noise exposure in midlevel deprivation areas. 41 In Australia's major cities, access to green space was substantially lower in neighbourhoods with a higher percentage of residents with low incomes. The strength of the association between green space and neighbourhood SEP varied, with steeper gradients in Sydney and Adelaide, and a flatter gradient in Melbourne. 42 In a study in Kiel in Northern Germany, variation in childhood overweight was partly explained by the SEP of neighbourhoods. 43 In the Portland cohort of the Study for Osteoporotic Fractures in Women, higher neighbourhood SEP was associated with a healthier body mass index at baseline, and a less pronounced age-related decline in body mass index over time. 44 The social environment and, in particular, different levels of social cohesion or social capital may also influence health and mortality. 45 Interestingly, the Catholic faith was associated with a slightly higher life expectancy than the Protestant faith. On the basis of a comparison of Catholic and Protestant cantons in Switzerland and other data, the French sociologist Emile Durkheim argued in 1897 that stronger social cohesion and social integration among Catholics resulted in lower suicide rates in their communities. 46 Catholics are required to interact with others frequently when going to mass, obtaining sacraments and confessing, and may therefore benefit from supportive social networks. The differences in rates of suicide between Catholics and Protestants continue in Switzerland to the present day 47 and may have contributed to the differences in life expectancy observed here.
Differential access to healthcare may contribute to inequities in health, but this is unlikely to be a major factor in Switzerland. Switzerland has a well-developed health system and universally mandated health insurance, which guarantees access. A study of regional differences in the use of care found that such differences probably reflect the inappropriate use of specialist care, rather than differential access to care in general. 48 Finally, neighbourhoods may influence health through behavioural pathways, for example, by discouraging smoking, or offering opportunities for physical activities. Unfortunately, we were unable to examine the importance of different mechanisms and pathways due to the lack of data on, for example, the social cohesion of neighbourhoods or the health behaviours of their residents.
The association of life expectancy with the SEP of neighbourhoods, and other variables such as educational attainment, indicate that the differentials observed in this study can be reduced by policies aiming to improve the physical and social environment people live in, and health promotion targeting individual behaviours. The high-resolution maps presented here should help in the planning of such interventions and setting of priorities. Absolute differences in life expectancy at birth between cantons are substantially smaller in Switzerland today than at the beginning of the 20th century, when men from the Canton of Geneva lived more than 10 years longer than their counterparts in the Canton of Ticino. 15 However, our study shows that substantial inequalities persist between small areas. Future research should examine what causes of death mainly generate these disparities, and to what extent they have been reduced relative to the trends in underlying rates of mortality.
What is already known about this subject ▸ Regional differences in life expectancy are explained not only by individual and behavioural factors but also by the social and environmental characteristics of neighbourhoods. ▸ Switzerland has one of the highest life expectancies in the world, but little is known about the differences in life expectancy across communities and neighbourhoods. ▸ The Swiss index of neighbourhood socioeconomic position is based on census data on household rent, education, occupation and crowding.
What this study adds ▸ Shown on a map for 1.3 million Swiss neighbourhoods, life expectancy at age 30 years ranged from 46.9 to 54.2 years in men and from 53.5 to 57.2 years in women. ▸ There was a strong correlation between life expectancy and neighbourhood socioeconomic position (SEP), and large differences in life expectancy were evident across levels of neighbourhood SEP. ▸ When adjusting for characteristics of individuals (age, sex, education, religion, marital status, nationality and occupation), differences across neighbourhood SEP were attenuated but substantial differentials remained. Contributors ME developed the original idea for the study. AM and RP designed and implemented the data processing and analysis. MZ supervised the statistical analysis. AM and ME wrote the first draft of the paper. All authors have read and approved the final manuscript as well as contributed to the writing and the methodology used in the study.
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